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1 
This .invention relates to lubricating system 
for internal combustion engines, especiaily of the 
type used in aeronautical apparatus, and is'spe- 
ciflcally concerned with the conditioning of the 
lubricating off so that adequate and efficient lubri- 
cation for the engine may be provided at all rimes 
and ready starting in cold weather is facilitated. 
It is an object of the-ivention fo rentier the 
lubricating off, which bas become viscid and diffi- 
cultly movable because of cold weather, readily 10 
fluid and easy of circulation, thereby fo enable 
the engine fo start without delay. 
It is a further object of the inventioh to con- 
trol the viscosity of the lubricating off in the en- 
gine to a point where it will most effectively lubri- 15 
cate the engine, and to maintain the off in such 
condition, as temperature changes are encoun- 
tered. 
It is still a further-object of the invention 
to provide simple and effiClient means in which 20 
the lubricating off is maintained constantly in a 
condition of desirable viscosity in an automatic 
manner by heat and by dilution, where necessarY, 
due to extreme cold. : 
It is a further object of th e invention to pro- 
vide a simple arrangement for dfluting the off 
in the circulation system of the ënghïe and oflly 
a portion of the off in the sourceof C¤ upplY 
to the end that the off rnay be reduced in vis- 
cosity within a short period Of-rime, thereby 30 
affording effective lubricaion: Whën making a 
cold start of the engine. 
These and other objects will appear from the. 
description in connection with the accompanying 
drawing, which illustrates a preferred embodi- 
ment of the invention. 
- Fig. ! is a diagrammatic illustration of a lubi 
cating system which incorporates .my invention. 
Fig. 2 is an enlarged sectional view of a valve 
means. 4O 
Fig. 3 is a plan section, taken on the line 
of Fig. 2. 
Ina general-sense, my invention includes a 
valve means selectively operable .fo control a flow 
of warm or hot off through, the restricted area 45 
of a reservoir of off, the viscosity of which' is 
high, owing: fo cold, thereby to effect a transfer 
of heat from said warm or hot off fo the cold 
off, the valve means causing all the oil fo flow 
fo said reservoir, and bypass the restricted area 50 
therein when all the off is heated. In this way 
a small portion of the off may be heated by and 
circulated through the,engine until the major 
portion of the off is reduced in viscosity fo a 
degree equal fo that of:the small portion... :.. 55 
An off circulating system is iilustrated in ig. 
1 ïn connection with an. engine and inc!udes-a 
pump 0 in a line  | between the engine 2 and 
a'source of off supply I$ fo delivering off fo .the 
engine under pressure; a pump _4 in:a:line. § 60 
for withdrawing the off fromthe engine and re- . 
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turning it to the source of supply, and a heat 
exchanger 9 of approved type. The source I$ 
of off supply-is shown as a reservoir in which 
the oil ih:received through the line 16. The 
reservoir ! has an oil receiving chamber 16 and 
a comPrtment ]. Above the reservoir is a 
chamber |8, which is in communication with the 
off line   at ifs upper part, and ai ifs lower part 
is in communication with the compartment ] 
and the off receiving chamber 6. The com- 
partment |], which may be ïn the fore of a 
hopper or vertical tube, extends in and to. within 
a short distance from the bottom of the reservoir, 
and the open end thereof is disposed preferably 
immediately over the ourlet I' in the reservoîr, 
which outlet leads fo the line | through which 
the off is withdrawn from the reservoir for cir- 
culation through the engine 2. Said compart- 
ment or tube.  bas desirably a plurality, of 
holes 9 in 'the lower part thereof, and provides 
a path of travel for the oil, which path is re- 
Stricted in cross-sectional area relation to the 
cross-sectional area of the reservoir and is iso- 
lated therefrom, the purpose .of such isolation 
being to circulate and recirculate the warm off 
fo the engine through this restricted path until 
.a desired degree' of temperature of the off is 
reached. :The circulation of off through the com- 
parment or tube  causes the heat therefrom 
c0nductively and convectively to be transferred 
gradually/Go the cold or viscous off in the cham- 
ber |6, pari of which off is graduallyentrained 
with the warm off circulating through the com- 
partment  L When the off entering the oil iniet 
or chàmber |8 through the line - is heated to 
a desirable temperature, its travel through the 
compartment or tube  is diverted to the main 
body of off in the chamber |6, which thereupon 
courses through the circulation system, hereto- 
fore set out. Means for effecting this diversion 
of off includes the inlet chamber 8 irto, which 
the off is received from the line -, and which, 
as stated, communicates with the chamber |6 
and:the compartment or tubeL The inlet 
chamber 8 is provided with a plurality of open- 
ings 20 and 20' arranged for communication re- 
spectively with said compartment or tube ] and 
chamber  $, such communication being controlled 
by the valve members  nd , which are 
mounted on a cote çS oï a solenoid  the arma- 
ture of which is suitably supported within said 
chamber  S. 
The solenoid 24 is in an electric circuit .26 
whichïncludes a source of energy, as a battery a, 
a main switch 2 and contact 2', a secondary 
switch 2]:and contact 2]'-. Also included in said 
circuit 26 is a switch 28, which is normally held 
closed or in engagement with a contact 29 in the 
circuit. . .bYa spring .. When the circuit is 
closed:by ithe actuation of-the switches 2 and 
2L the soleoid 24 is energized and the core. 2 
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thereof moved fo cause the valve member ."! fo 
open the ourlet 20 from the chamber 15, and 
simuitaneously fo close the ourlet or opening 
as shown by the solid lines in Fig. I and dotted  
lines in Fig. 2. Thereby the off entering the 5 
chamber 18 is caused fo pass through said ourlet 
2] directly into the compartment or tube 17, and 
thence into the line I I leading fo %he engine. 
In this way warm off from the engine is continu- 
ously recircuiated to the engine. The heat of 10 
the warm off increases during the period of circu- 
lation through the tube 7 and transfers a pot- 
tion of ifs heat to the cold or viscous off in the 
chamber I, as a result of which the oil in the 
chamber is gradually entrained with the circulat- 15 
ing o!l, until ail or the major portion O f the oil 
reaches a desired temperature. Af such rime, the 
circuit 25 is inerrupted, as explained hereinafter, 
which causes the solenoid 24 fo be deenergized 
Under the influence of a spring 31 the cote 23 is 20 
0Perated fo cause the valve member 2.1 thereof fo 
close the ourlet ."} in the chamber I S and the valve 
member 22 fo open the ourlet ."]' therein, whereby 
the off entering the chamber I S through the line 
15 passes directly into the chamber I while cir- 25 
cumventing the tube . Means for interrupting 
the ch'cuit ." includes a temperature influenced 
element or member 32 suitably positioned, as in 
a pocket 2', projecting into the chamber IS so 
aS t_o be ffected by the temperature of the off o 
passing through the chamber 8 and disposed 
in..operative relation fo said aforementioned 
switch 25, whereby when said element or member 
3." is caused fo expand under heat influence, it 
moves the switch ."S away from the contact ,"9. 35 
Cooling of the off will cause the thermal element 
2 fo contract, thereby enabling the spring 3) to 
engage the contact 29 and complete the circuit. 
Under certain circumstances, as when starting 
of the engine is difficult on account of a highly 40 
viscous condition of the off, if is desirable to re- 
duc the oil viscosity by adding a diluent or in- 
troducing a diluent into the circulation system, 
and confining the dilution on/y fo that of the off 
in-the tube or hopper 17. For .this purpose, a 45 
suitáble dilution agent is derived from a suitable 
sourcethrough a line 33, and transmitted through 
a line. 3 connected to the line 1 I, by a motor and 
pump 35. The motor is in a second electric cir- 
cuit 4), which is operated when the manually 50 
controlled switch 27 having a second arm 37 
coup!ed t0 if by the insuiating member .3 is 
throvn in engagement with the contact 41. This 
circuit 1 includes the source of energy or bat- 
tery c, the solenoid 2 and the switch 2. By 55 
the closing of the switches 27 and 37, the solenoid 
24 is energized through the contact  I, wire 39, 
contact  I' and wire 4', fo unseat the valve ruera- 
ber 2; thereby establishing direct communica- 
tion between the chamber I and the compart- 60 
ment 17, and seating the companion valve ruera- 
ber 22, whereby all of the off entering through 
the line I  is caused totravel from the chamber I  
fo the compartment 17. Simultaneously, the 
motor 3Sand the pump, being now in a closed 5 
circuit, are set in motion fo deliver a dilfient fo 
the llne. 1 I, which, under the action of the pump 
I], is .caused fo circu]ate through the engine 12, 
wherein-.a dilution of the viscous off occurs. By 
the pump 14 the dfluted mixture is returned, fo 70 
the off in/et I , from which if passes in the hopper 
or tube .11, and thence back into the circulation 
lineS. In-. this mannér only the off in the system 
and that .in. the cornpartment or hopper 17 is 
diluted, and the dilúted Off ruade avaflable ira- 75 
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mediately for lubrication of the engine. When 
no further need exists for diluting the off, the 
switches 27 and 3 are opened and the motor and 
pump 35 are thus cut out of the circuit, the switch 
2, returning fo the contact 27', then reestablish- 
ing the circuit fo the solenoid 24 through the 
temperature sensitive switch 28. If the switch ."8 
is closed, the off continues fo discharge into the 
compartment I. The normal procedure is fo 
stop the engine 12 when the dilution switch 27 is 
turned off, thus stopping the pumps Ifl and 14. 
The diluted off remains in the compartment 17, 
lines 11 and 15, engine I.", and heat exchanger . 
When the engine is started again, the dfluted 
off is immediately available in the system, and as 
soon as the engine is turned on, the solenoid ."4 
is energized fo keep the diluted off flowing into 
the hopper 17. This action continues until the 
temperature rises fo oPerate the temperature 
sensitive switch 28, as explained previously. 
When the engine is started, if is not always de- 
sirable or necessary to have the dilution motor 
35 operate; therefore the switch 37 is incorpo- 
rated. 
I claire as my invention: 
1. An off reservoir for the lubricating system 
of an infernal combustion engine, comprising: 
means defin/ng a main storage compartment, a 
warm up compartment, an in/et compartment, a 
pair of ports affording communication between 
said iniet cOmpartment and said main and warm 
up compartments respectively, an in/et for de- 
livering off into said in/et compartment, and an 
ourlet through which the off may leave the reser- 
voir directly from either said main or warm up 
compartment; valve means in said in/et compart- 
ment, selectively operable fo open one of said 
ports whfle closing the other and vice versa, 
whereïoy the in/et fiow may be directed selec- 
tively either fo said warm up compartment or 
said main compartment from said in/et compati- 
ment; and thermo-responsive mea-ns for operat- 
ing said valve rneans positioned fo be influenced 
by the temperature of the off flowing through 
said in/et compartment. 
2. An off reservoir for the lubricating system 
of an infernal combustion engine, comprising: 
means defining a main storage compartment, a 
warm up compartment, an in/et compartment, a 
pair of ports affording communication between 
said in/et compartment and said main and warm 
up compartments respectively, an in/et for deliv- 
ering oil into said inlet compartment, and an 
ourlet through which the off may leave the res- 
ervoir îrom either said main or varm up com- 
partment, said ports being coaxially arranged; 
a solenoid in said inlet compartment ,between 
said ports and coaxial {herewith, said solenoid 
having an armature shiftable along the axis of 
said ports; a pair of valve elements carried by 
the respective ends of said armature and adapted 
fo coact with the respective ports so as to close 
one of the ports while opening the other and 
vice versa; and thermo-responsive means for con- 
trolling the energization and deenergizatàon of 
said solenoid, said thermo-responsive rneans be- 
ing so located as fo be infiuenced by the temper 
açure of the off fiowing through said in/et, cham- 
ïoer in such a manner as fo direct the fiGw through 
said warm up compartment when the tempera- 
ture of the off is below a predetermined value 
and to direct the off through said main st0rage 
compartment when the temperature is aboie said 
predetermined value. 
S. An off reservoir for the lubricating sYstem 
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of an infernal combustion engine, comprising: 
means defining a main storage compartment, a 
warm up compartment, an inlet compartment, a 
pair of ports affording communication between 
said'inlet compartment and said main and warm 
up compartments respectively, an inlet for deliv- 
ering off into said inlet compartment, and an 
ourlet through which the off may leave the res- 
ervoir îrom either said main or .warm up com- 
partment, said ports being coaxially arranged; a 
solenoid disposed in said inlet compartment 
tween said ports and coaxial therewith, said sole- 
noid having an armature shiftable along the axis 
of said ports; a pair of valve elements carried by 
the respective ends of said armature and adapted 
fo cooperate with said ports so as fo close one 
of them while opening the other and vice versa; 
means yieldingly .biasing said armature toward a 
position wherein said valve elements direct the 
fiow from said inlet compartment through said 
main storage compartment; and means located so 
as tobe responsive to the temperature of the off 
ai a selected point in the system for energizing 
said solenoid fo reverse the position of said valves 
against the resistance of said yielding means 
and thereby direct the fiow through said warm 
up comparment when the temperature of the 
off is below a predetermined minimum. 
4. An off reservoir for the lubricating system 
of an internal combustion engine comprising: 
means defining a main storage compartmen% a 
warm up comparment, an inlet compartment, a 
pair of axially opposed ports affording commu- 
nication between said inlet compartment and 
said main and warm up compartments respec- 
tively, an inlet for delivering off into said inlet 
compartment, and an ourlet through which off 
may leave the reservolr directly from either said 
main or warm up compartments; valve means in 
said inlet compartment comprising a solenoid co- 
axially arranged between said ports, an armature 
for said solenoid shiftable along the axis of said 
ports, and a pair ol valve elements carried by 
the respective ends of said armature and cooper- 
ating with the respective ports, said valve means 
being selectively operable to open one of .said 
ports whfle closing the other and vice versa, 
whereby the inlet fiow may be directed selec- 
tively either fo said warm .up compartment or 
fo said main compartment from said inlet com- 
partment; and thermo-responsive means for op- 
erating said valve means, said thermo-responsive 
means being positioned fo be infiuenced by the 
temperature of the off flowing through said inlet 
compartrnent. 
5. An off reservoir for the lubricating system 
of an infernal combustion engine, comprising: 
means, including walls, defining a main storage 
compartment, a warm up compartment, an inlet 
compartment, one wall of said inlet compartment 
having a recess formed therein, a palr of ports 
affording communication between said inlet com- 
partment and said main and warm up compart- 
ments respectively, an inlet for delivering off into 
said inlet compartment, and an outiet through 
which the off may leave the reservolr dlrectly 
from either said main or warm up compart- 
ments; valve means in said inlet compartment, 
selectively operable to open one ot said ports 
while closing the other and vice versa, whereby 
the Inlet flow may be directed selectively either 
to sald warm up compartment or to said main 
compartment from sald inlet compartment; and 
thermo-responsive means located af least in part 
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in the recess provided in said wall of the inlet 
compartment for operating said valve means. 
6. An oil reservoir for the lubricating system 
of an infernal combustion engine, comprising: 
 means defining a main storage compartment, a 
warm up compartment, an inlet compartment, a 
pair of axially opposed ports affording communi- 
cation .between said inlet compartment and said 
main and warm .up compartments respectively, 
an inlet for delivering oil into said inlet com- 
partment, and an outiet through which off may 
leave the reservoir directly from either said main 
or warm up compartments; and valve means in 
said inlet compartment comprising a solenoid co- 
l5 axially arranged between said ports, an armature 
for said solenoid shiftable along the axis of said 
ports, and a pair of valve elements carried by the 
respective ends of said armature and cooperat- 
ing .with the respective ports, said valve means 
0 being selectively operable fo open one of said 
ports while elosing the other and vice versa, 
whereby the inlet fiow may be directed selec- 
tively either fo said warm up compartment or fo 
said main compartment from sald lnlet compart- 
5 ment. 
7. An oil reservoir for the lubricating system 
of an internal combustion engine, comprising: 
means defining a main storage compartment, a 
varm up compartment, an inlet compartment, 
80 a pair of opposed ports affording communication 
between said inlet compartment and said main 
and warm up compartments respectively, an in- 
let for delivering oil into sald inlet compati- 
ment, and an ourlet through which the off may 
85 leave the reservoir directly from either said main 
or warm uP compartments; valve means includ- 
ing a solenoid, an armature for said solenoid, and 
a pair of valve elements earried by said armature 
and arranged to cooperate with the respective 
40 ports, said valve means being selectively oper- 
able fo open one of said ports while closing the 
other and vice versa, whereby the inlet fiow may 
be directed selectively either fo said arm .up 
compartment or sald main :compartment Trom 
45 said inlet compartment, and thermo-responsive 
means for controlling the operation of said valve 
means, said thermo-responsive means being posi- 
tioned so as fo be influenced by the temperature 
of the off fiowing through said in]et compart- 
50 ment. 
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